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The object of this study is to investigate the influence 
of different factors influencing the intensity and quality of 
external beams . Although the measurements are not complete, they 
a llow us to estimate the importance of certain elements with 
regard to t he pion beam intensity . The resul t s reported here were 
obtained wi th positive pion beams of 100 and 70 MeV and with the 
extr acted pr oton beam . 
The layout of meson beams used is indicated in Fig . -1 
which shows two of the several simultaneous beams avai l able . The 
pion energies i ndicated correspond to a target position at 
10° azimuth and 224 em ;adius . A number of ~imultaneous beams may 
a l so be obtained from a target position around 40•: 
The fol l owing measurements were carried out 
a) Beam intens i ty as a function of the diameter of the pipe i n 
the shi el ding wall - with and without :lens in front of t he 
pipe . 
b) The intens i ty distribution within the beam and its symm~try 
with regard to the median plane . 
·c) The influenae of the thickness of the pion extraction window~ 
d) The loss caused by scattering in air . 
e) The external proton beam. 
The position of the production target (224 em , 10°) is 
optimal for the two beams in question (70 and 100 MeV ) , and 
measurements are performed taking each of these beams as monitor 
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for the other . . This arrangement allows one to vary the different 
parameters used in pion transport on one of the beams , while at 
the same time registering the intensity of pions produced in the 
target . 
a) Intensity as a Function of the Shielding Wall Pipe Diameter 
I 
The principle of this measurement is to decrease in 
steps the internal diameter of this pipe, which acts as a 
collimator. The results are given both in linear and log-log 
scales in Fig . 2 and 3, with and without l enses at the entrance 
of the pipe . 
X The increase in intensity i s proportional to D , where 
D is the diameter , and x should theoretically equal 5 (2 for 
solid angle , 2 for the surface of the collimator , and l for the 
momentum band) , if the source were large and·there were no 
horizontal or ·vertical focusing due to the magnetic field . If , 
conversely, the source were small and the focusing perfect, we 
would expect t o find x 3. From the Fig . 2 and 3 we may deduce 
the value of x ~ 3. 3 for both the beams . The observed value may 
be ascribed to ~~e fact that the source is of finite size and that 
the focusing is different in the horizontal and vertical 
directions . 
Up to the maximal diameter of the pipe (14 em) no 
deviation from the 3. 3 - law occurs . At preaent a further 
limitation is given by the aperture of the quadrupole lenses 
which is 20 em , but the relative incr ease in intensity that might 
be expected for pipes with diameters of 20 and 25 em by comparison 
with the present 14 em pipe ar e (20/14)3 . 3 = 3 ~ 2 and (25/14)3 . 3 - 6 . 8 
respectively . 
Furthermore , the present beam optics is capable of 
transmitting the momentum bands corresponding to the increased 
diameters of 20 or 25 em . 
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b) The Intensity Distribution within the Beam 
This was studied by using two 30 em thlck collimators 
of aperture 4 em placed symmetrically at both ends of the pipe 
in t he five char acteristic positions illustrated on Fig. 4. 
Without l ens at the entrance to the 100 MeV beam pipe, 
the intensity of this beam is the same for the hor i zontal 
positi ons 1, 2 and 4, and shows a 20 to 30% decrease for the 
vertically displaced positions 3 and 5. 
Wi t h the preceding lenses optimized for the intensity 
corresponding to the maximal pipe aperture , the distribution is 
practically uniform for positions 1 , 2 , 3 and 4, but shows a 
decrease of 65% for the lower position 5. This indicates an 
asymmetry relative to the median plane of one or several elements 
effect ing the beam transport. 
For the 70 MeV beam the same measurements were made and 
l ead to a simi l ar conclusion . To correct the asymmetry of the 
beam relative to the median plane , a horizontal magnetic field 
was placed at the outlet of the machine . With this a total 
increase in intensity ~ f 34% was achieved . 
c) The Influence of the Thickness of the Pion Extraction Window 
To determine the loss of intensity due to multiple 
scattering in t he 3 mm aluminium foil whi ch constitutes the pi on 
extrac t ion wi ndow on the CERN SC , we incr eased its thickness by 
adding 1 , 2 and 3 mm aluminium foils intercept ing the beam . As 
illustrated on Fig . ) the intens i ty is a linear function of the 
square root of the total thickness in the range observed. If one 
is allowed to extrapolate this law to windows much thinner than 
3 mm , the maximum possible gain in intensity would be of the 
order of 70%. With a 0 . 7 mm thick window , which seems reasonable 
from the point of view of mechanical resistance , the increase 
would be 50%. 
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This measurement was made on the 70 MeV (155 MeV/c ) pion 
beam. The loss caused by multiple scattering will be smaller for 
more ener getic beams, but the gain will exceed 30% for all 
ener gies below 300 MeV . The gain obtained by decreasing the 
. . 
window thickness will be relatively less for bigger pipe apertures . 
d) The Loss Caused by Scattering in Air 
A preliminary test on the effect of the presence of air 
along the path of the 70 MeV beam was made by extending the 
vacuum pipe in the shielding wall by 2 m towards the machine. 
Measurements performed with and without air in t his pipe show a 
26% difference in i ntensity . Only about half the total bea.m path 
was in vacuum in this experiment . If the vacuum were extended all 
the way from the extraction window to the position of the 
experiments, the gain would be of the order of 40%. For beams 
of energy above 100 MeV the corresponding gain would probably be 
20 to 30%. 
Concerning the sections c) and d) which deal mainly with 
multipl e scattering, it 'must be mentioned that apart from yielding 
0 higher intensities , the elimination of scattering also improves 
the quality of the image by diminishing the blurring of the beam 
edges . 
e) External Prot on Beam 
A series of experii!lents with the external proton beam 
have shown that it is necessary t o reconstruct i t from the 
mechanical as well as from the optica l point of view . Its direction 
and size are consider ably affected by the optimal position of the 
r egener a tor and of the magnetic channel for a given magnetic field 
in the machine. 
The dimensions of the beam image at the exit window are 
small and should permit a decrease of window diamete-r from 14 to 
5 em. In this way a minimum window thickness can be maintained 
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without the risk of tearing, 
The external proton beam, just as the pion beams, does 
not lie exac tly in t he median plane. To direct it into the 
horizontal plane of the transport system, two small steering 
magnets will be placed aft er the first pair of quadrupoles. A 
further magnet might be placed in front of them . 
Fig. 6 shows the principal elements which we propose 
to install for the proton beam transport . 
Despite the mechanical and optica l imperfect ions we 
extracted a 5 • 1011 proton/sec beam with an image of a 2 em 
diameter, 
Conclus i on Re l ating to Pi on Beams 
The experiments described here show that one may obtain 
a substantial increase in intensity and improvement of the beam 
quality by r elatively simple modificati ons t o those elements that 
restrict or hamper the secondary beam transport. The main 
alterations consist in widening the shielding wall pipes t o a 
diameter of 25 em , and decreasing the thickness and possibly the 
size of the extraction window . By allowing the beam to run in 
vacuum and by placing magnets giving a horizontal magnetic field 
to compensate the vertical asymmetry of the beams , important 
improvement s may be achieved without necessitating costly 
modificat i ons . 
The tot al increase in intensity which might be expected 
by carrying out the above al t erations would be by a factor of about 
5 for a 20 em shielding wal l opening , and by a factor of about 
10 for an opening of 25 em. 
For certain experiments wher e l ow background is important, 
it will a lways be possible again to reduce the pipe diameters by 
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the introduction of thick collimators • 
. These measurements must be regarded as a preliminary 
beam study. They will be pursued, also taking into account 
negative pion beams of energi es up to 200 MeV. Furthermore, in 
order to reduce the extraction window dimensions, the exact beam 
position at this point must be determined~ Finally, a more 
detailed study of the vertical beam asymmetry will be performed 
in order to determine the best shape of aperture for the pipes. 
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